The impact of proteinase-induced matrix degradation on the release of VEGF from heparinized collagen matrices.
The in vivo application of engineered matrices in human wound healing processes is often hampered by the slow rate of vascularization. Therefore much research is directed towards enhancing the angiogenic properties of such matrices. One approach for enhancing the vascularization is the incorporation of angiogenic growth factors. Recently, we and others have reported on immobilizing such factors into collagen matrices either by covalent attachment or by physical binding to covalently incorporated heparin. Especially the latter procedure has been shown to lead to substantial increase rates in vascularization in in vivo experiments. The increases have been proposed to depend on the sustained release of the incorporated angiogenic growth factors from the heparinized collagen matrices. In this paper, we report on investigations to study the release of vascular endothelial growth factor (VEGF) from collagen matrices under conditions which mimic potential in vivo situations. Relevant proteinase concentrations were deduced from in vitro experiments in which we evaluated the secretion of selected matrix metalloproteinases from fibroblasts in contact with collagen. The release of VEGF from non-modified, cross-linked and heparinized collagen matrices in the absence and in the presence of varying concentrations of proteinases was then determined by ELISA and liquid scintillation counting. The release behaviour appears to be controlled by both the presence of heparin and the levels of proteinases applied. Experiments with matrices containing radioactively labelled heparin suggest that VEGF release results from the consecutive and simultaneous release of three species of VEGF molecules that differ in their binding affinities to the differently modified collagen matrices. The species binding specifically to heparin most likely accounts for the previously observed increases in angiogenic potential between loading VEGF to non-heparinized and heparinized collagen matrices.